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ABSTRACT 

We are conducting a large pro gram to classify newly discovered Milky Way star clus- 
ter candidates from Froebrich et al. (I2007bh . Here we present NIR follow-up observations of 
FSR 0190 (a=20''05'"3P.3, ,5=33°34'09" J2000). The cluster is situated close to the Galac- 
tic Plane (Z=70.7302°, 5=+0.9498°). It shows a circular shape, a relatively large number 
of core helium burning stars - which clearly distinguishes the cluster from the rich field 
- but no centrally condensed star density profile. We derive an age of more than 7 Gyr, a 
Galactocentric distance of 10.5 kpc, a distance of lOkpc from the Sun, and an extinction of 
Ak =0.8 mag. The estimated mass is at least of the order of 10^ M©, and the absolute bright- 
ness is My ^ —4.7 mag; both are rather typical properties for Palomar-type globular clusters. 
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1 INTRODUCTION 

A large number of stars form in clusters. Over time most clusters 
will dissolve and the cluster stars will migrate into the field, e.g. due 
to tidal interactions with giant molecular clouds. The study of the 
distribution of old clusters in the Galaxy will hence shed light on 
the disruption time-scales and the underlying physical processes. 
Furthermore, galactic globular clusters (GlCl) allow us to probe 
the conditions during the time of the formation of our Galaxy. Pre- 
requisites for these investigations are large, well defined samples of 
objects. Currently the sample o f known old open clusters is very in- 
complete (e.g. Bonatto & Bica l l2007bh ). Also the number of newly 
discovered galactic GlCls in recent years (see Bonatto et al. l l2007t) 
or Bica et al. j2007h for a summary) suggests that this sample as 
well is incomplete, especially at the low mass/luminosity end - the 
Palomar-type GlCls. 

Wide field searches at infrared wavelength have provided a 
wealth of new clusters and candida tes in r ecent years. Base d on star 
counts in 2MASS (Skrutskie et al. l l200d) ), Froebrich et al. ( l2007bl) 
presented a list of 1021 new cluster candidates. To improve the use- 
fulness of this sample (contamination rate about 50 %) a classifica- 
tion of the clusters based on e.g. infrared colour-magnitude dia- 
grams has to be performed. One expects that the majority of these 
cluster candidates are young embedded clusters. However, so far 
also three old (a ge » IG yr) open clusters (FSR0031/0089/1744, 



Bonat to & Bica l l2007bh ) and thre e GlCls (FSR 0584, Bica et al. 
( |2007|): F SR 1735, Froebrich et al. ( 12007 j) ; FSR 1767, Bonatto et 
al. ( l2007h ) have been identified. In this work we present our results 
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on the classification of FSR 01 90 based on new deep near infrared 
observations. 

The paper is structured as follows. Our data is presented in 
Sect.[2]and results including the appearance of the cluster, the con- 
tamination with field stars and the isochrone fitting to determine 
the cluster properties are presented in Sect.[3] Finally in Sect.|4]we 
discuss and conclude our findings. 



2 DATA 

We secured near-infrared (NIR) I, H, and K-band imaging data 
with UFTI (Roche et al. at the U.K. Infrared Telescope 

(UKIRT) on the 29th of May, 2007. We obtained a 5 x 5 frame mo- 
saic mapped with half detector spacing to cover the entire field 
of the cluster. The pixel size in the images is 0.09". The data 
where taken under photometric conditions with 120 sec per pixel 
integration time in each filter. Standard data reduction techniques 
(dark subtraction and self-flat-fielding) before image-registration 
and mosaicking was perfor med using the facility pipeline ORAC- 
DR (Cavanagh et al. j2003h ). 

Despite the excellent seeing conditions (stellar FWHM are 
about 0.55" in the final JHK mosaics), our photometry suffers 
from crowding in the field, due to the cluster's position close to 
the Galactic Plane (l ^ 70.73°, b ^ +0.95°). Using 3 a detections 
in the K-band image, there are about 6500 stars in the field. If each 
star occupies an area with a diameter equal to the seeing (the min- 
imum area required for photometry), then there is a crowding of 

3 % in the field. This increases to 4 % when using 2 a detections. 
We have performe d our p hotometry using the S Extractor software 
(Berlin & Arnouts ( [199 6|)). Only 2 a detections in the K-band, with 
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Figure 1. Logarithmic K-band gray scale image of FSR0190. The cluster 
is positioned off-center towards the south-east. The two circles indicate the 
cluster area and the control field. The image is 4.35' X 4.35' in size. 

quality flags better than 3 and photometric errors below 0.2 mag in 
all three filters are used in our subsequent analysis. 

We have used the 2MASS point sources in the field to flux 
calibrate our JHK images. The rms scatter in the calibration is 
0.14, 0.13, 0.10 mag in JHK respectively caused mainly by magni- 
tude migration towards brighter magnitudes due to the strong image 
crowding in this field. Since the 2MASS data are based on much 
lower resolution, the scatter is expected to be dominated by the un- 
certainties in the 2MASS magnitudes of the calibration stars. 



3 RESULTS 

3.1 Cluster Appearance 

We show the K-band mosaic of the field around the cluster in Fig.[T] 
The cluster itself is positioned south-east of the centre. An increase 
in the stellar density can be seen. Due to the close proximity of the 
Galactic Plane the star density contrast between cluster and field 
is rather low. The cluster can more clearly be identified in the map 
showing the distance to the 85th nearest neighbour of each star (left 
panel in Fig.|2]l. In this panel one can easily identify a star density 
enhancement south-east of the image centre. The average star den- 
sity in the cluster area is a bit less than twice as high as in the 
field/control area (upper right comer). Hence the star cluster itself 
possesses a smaller star density as the field integrated along the line 
of sight. The cluster shows no centrally condensed appearance, but 
rather a more or less uniformly increased star density across an 
extended region. A fit of the radial star density by a King-profile 
results in rcorc =65±8" and nid = 195±40". 

We have created a further nearest neighbour map using only 
stars that have colours and magnitudes consistent with them being 
core helium burning objects associated with the cluster (selection 
see below). In this case the contrast between the cluster and the 
field becomes much more clear. There are about five times more 
such stars per unit area in the cluster region than in the control 



field. In the right panel of Fig.[2]we show the distance to the 10th 
nearest neighbour for all these stars. There is some sub-structure 
visible in the map, indicating two regions (south and north of the 
cluster centre) where the density of these objects is enhanced. It is 
not clear if this effect is real, or just resembles a selection effect 
caused by our criteria for stars with acceptable photometry. The 
same applies to the structure seen in the nearest neighbour plot for 
all stars in the area. 



3.2 Field star decontamination 

As discussed in Section [3Tl the population of field stars contributes 
significantly to the stellar density. Hence the analysis of the clus- 
ter properties is strongly hampered. This can be seen in the J-K 
vs. K colour-magnitude diagrams in Fig.[3] There we compare all 
stars detected in the area of the cluster (1st panel) and the control 
field (2nd panel). The different number of stars can be explained by 
the different areas covered by the cluster (4.52 square arcminutes) 
and the control field (2.38 square arcminutes). However, there are 
clearly differences in the two diagrams, most notably the group of 
stars in the cluster area at about J-K = 1 .75 mag and K = 14.4 mag. 

We have used the colour and magnitude information of the 
stars in the control field to statistically remove foreground and 
background stars from the cluster area. In particular we ado pted th e 
decontamination algorithm described in Bonatto & Bica l l2007ah . 
We used cell dimensions of AJ = 0.5mag, A(J-H) = 0.2 mag and 
A(J-K) = 0.2mag to compute the expected number of field stars. 
This number of field stars is then randomly removed from the ob- 
jects in the cluster area. In panel 3 of Fig.[3] we show one such 
realisation of the decontamination of the cluster area, while the 4th 
panel shows the decontaminated H-K vs. J-H colour-colour dia- 
gram. Over plotted are the loci of main sequence and giant stars 
from a fit of a lOGyr and Z = 0.004 isochrone (see below), with 
and without reddening. 

In the decontaminated cluster area we find the group of stars 
remaining at around J-K =1.75 mag and K= 14.4 mag. These are 
interpreted as the core helium burning stars in the cluster. There 
are a number of brighter objects with similar colours, most prob- 
ably RGB/AGB stars. All these objects form a well defined group 
in the colour-colour diagram. Furthermore, there are stars remain- 
ing in the J-K vs. K diagram with colours of J-K> 1.5 mag and 
K> 16 mag. This feature is identified with cluster main sequence 
stars close to the main sequence tumoff. These stars occupy a re- 
gion in the H-K vs. J-H diagram that is consistent with this pro- 
posal. The larger scatter can be explained by their lower magni- 
tudes. In the J-K vs. K diagram these stars are apparently split in 
two groups, one of which (about 40 stars) seems to be off-set to- 
wards bluer colours and brighter magnitudes (3rd panel of Fig.[3]l. 
We interpret this group as blue straggler stars (BSS) in the cluster 
and the second, much larger, group as the cluster main sequence 
turn-off. Note that some objects in the region of the suspected BSS 
might be unresolved binaries, which have not been removed by 
the decontamination procedure. The BSS interpretation is further 
supported by the following points: i) If the small group is used as 
main sequence turn-off we cannot find an isochrone (see Sect. l3.3l 
and Fig.|4]l that fits all the cluster stars, i.e. the majority of objects 
around K= 17 mag lack an explanation, ii) The stars in the small 
group correspond to earlier spectral types when plotted in the H-K 
vs. J-H diagram, iii) The number of BSS and their homogeneous 
spatial distribut ion in the cluster are in agreement with the results 
of Davies et al. l l2004h . 
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Figure 3. 1st panel: J-K vs. K colour-magnitude diagram of tlie cluster area (radius 72"). The solid line indicates the completeness limit of our data. 2nd 
panel: As in the 1st panel but for the control area with a radius of 52". 3rd panel: One realisation of the decontaminated J-K vs. K colour-magnitude diagram 
of the cluster area (radius 72"). Crosses indicate RGB/AGB, -|- signs main sequence and asterisks suspected blue straggler stars in the cluster 4th panel: The 
same stars as in the 3rd panel in a H-K vs. J-H colour-colour diagram. The straight solid lines indicate the reddening path for main sequence and giant stars, 
whose loci from a fit of a 10 Gyr and Z = 0.004 isochrone (with and without reddening) are over plotted. Only stars with photometric errors of less than 0.1 mag 
in all three filters are shown for clarity. 



3.3 Isochrone Fitting 

In order to constrain the basic cluster properties (age, metallicity, 
distance, reddening) we fit isochrones to the decontaminated J-K 
vs. K colour magni tude diagram. We used isochrones based on 
Girardi et al. ( l2002h computed for the 2MASS filtersQ- For each 
case we matched the core helium burning stars in the isochrone and 
the observations by varying the reddening E(J-K) and the distance 
of the cluster. In Fig.|4]we show sets of isochrones with different 
ages for each panel (2, 4, 7, 10 Gyr). In each panel six isochrones 
are over plotted, using different metallicities (Z = 0.0001, 0.0004, 
0.001, 0.004, 0.008, 0.019). The panels also contain the observed 
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distribution of cluster stars indicated by light-gray crosses and er- 
ror bars, as well as our completeness limit (determined as the max- 
imum of the K-band luminosity function). Note that we do not con- 
sider the suspected BSS stars when comparing the isochrones with 
the cluster stars (see below for some more detailed remarks). 

From Fig.|4] it becomes apparent that isochrones with ages 
of 2 to 4 Gyr do not fit the observed upper end of the main se- 
quence. The same applies also for all other lower ages. For ages 
above 7 Gyr, most isochrones fit the main sequence stars well, with 
maybe the exception of the lowest metallicities (Z = 0.0001). In 
turn, the highest metallicity isochrones have difficulties explain- 
ing the distribution of RGB/AGB stars brighter then the core he- 
lium burning objects. The slope of the Z > 0.008 isochrones in the 
colour-magnitude diagram is too shallow compared to the observa- 
tions. We additionally can use the H-band information, i.e. match 
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J-K J-K J-K J-K 

Figure 4. Decontaminated colour-magnitude diagrams for the cluster area. Over plotted are isochrones of different ages (indicated in each panel) and metallic- 
ities (Z = 0.0001 solid-dark; Z = 0.0004 dotted-dai'k; Z = 0.001 dashed-dark; Z = 0.004 solid-gray; Z = 0.008 dotted-gray; Z = 0.019 dashed-gray). The light 
gray crosses and error bars indicate the observed distribution of cluster stars (not considering the suspected blue stragglers - small dots) and its scatter. The 
solid line at the bottom indicates the completeness limit of the observations. 



the isochrones with the position of the core helium burning objects 
in the H-K vs. J-H diagram (see right panel in Fig.jS}. This requires 
a reddening of about Ak=Q-'& mag, and thus puts a tighter constraint 
on the metaUicity, since the fit of the isochrones in the J-K vs. K di- 
agram has the extinction as a free parameter. The metallicity range 
obtained from this process is [M/H] = — 0.9±0.4dex. 

We have not used the suspected BSS stars in the comparison 
of the isochrones and the observations. If this group is considered 
as the main sequence turn-off, then the majority of stars below 
K= 16 mag in the cluster can not be explained (see e.g. left panel 
ofFig.!!}. In case all the stars below K= 16 mag are main sequence 
turn-off stars the cluster will have an age lower than 7 Gyr, but still 
in excess of 2 Gyr. 

Hence, we can constrain that the age of the cluster is larger 
than 7 Gyr, while the metallicity is most probably in the range 
of Z = 0.001 to 0.006 ([M/H] = -0.9±0.4dex). The average dis- 
tance from the Sun required for the fit is tq = 10.0 kpc, with 
an uncertainty of 1.0 kpc, mostly caused by the poorly constrained 
metallicity. The average values correspond to an age of 10 Gyr and 
Z = 0.004. The cluster would have a smaller distance for lower 
metallicities. 

The cluster distance converts to a distance of Rgc = 10.5 kpc 
from the Galactic centre (assuming R0=7.2kpc, Bica et al. 
(l200i)). The core radius of the cluster is then rcorc = 3.2pc. In 
Fig.|5]we show the K-band luminosity function of the cluster area 
after decontamination, compared to the scaled control field. As 
already discussed with the nearest neighbour plots, the field star 
density is slightly higher than the average star density in the clus- 
ter. The number of stars in the core helium burning stage is about 
50 (slightly depending on the decontamination). This can be used 
to estim ate the total mass of the cluster. According to Salaris & 
Girardi ( |2002|) this corresponds to 10±3 • lO'^M© for a popula- 
tion of stars with the age and metallicity range of FSR0190. We 
also can integrate the brightness of all detected cluster stars to 
M k = —6 .6 mag or A/v = —4.7 mag (using V-K= 1.9, Leitherer et 
al. h999l) ). Note that the mass and absolute brightness estimates 
should be considered lower limits, since a number of potential clus- 
ter RGB/AGB stars has been excluded from our analysis due to in- 
sufficient quality in the photometry. Up to 40 % of the stars in the 
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Figure 5. K-band luminosity function (solid line) of the decontaminated 
cluster stars. As dashed line we show the K-band luminosity function of the 
control field, normalised to the same area. The vertical line indicates the 
K-band completeness limit. 

cluster RGB region are affected, potentially almost doubling the 
mass estimate and increasing the integrated brightness by 0.5 mag. 



4 DISCUSSION AND CONCLUSIONS 

We have summarised the determined properties of the cluster 
FSR0190 in Table[T] Despite the significant contamination with 
field stars we can classify FSR0190 as an old cluster with an age 
of more than 7 Gyr In Fig.[6] we compare the clusters position in 
the Galactic plane with the other known old (age > I Gyr) Galac- 
tic clusters taken from the WEBDjAQ database. Also plotted in this 
diagram are th e so far verified old clusters from the sample of 
Froeb rich et al. l l2007bh (crosses, FSR 003 1/0089/1744, B onatto & 
Bica l l2007bl) '); triangle, FSR 1735, Gl Cl, Fro ebrich et al. l l2007al) ; 
square, FSR 1767, GlCl, Bonatto et al. l l2007h : lozenge, FSR 0584, 

^ http://www.univie.ac.at/webda/ 
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old Galactic clusters, and its optical appearance does not show a 
centrally condensed cluster. It is hence not possible to be absolutely 
certain that FSR 1 90 is a GlCl. Nevertheless, such a possibility can 
currently not be excluded. 

With the identification of FSR 1 90 as a distant old Mil ky Way 
cluster, now seven objects in the sample of Froebrich et al. ( l2007bh 
have been confirmed as so far unknown old Milky Way clusters. 
The distribution of these objects shows that the FSR-sample con- 
tains a number of clusters in the least complete regions, i.e. the 
inner Galaxy and/or distant objects. A continued effort to classify 
the other cluster candidates will further enhance the completeness 
of the known cluster sample. This will greatly improve studies of 
star cluster mortality, as well as the formation history of the Milky 
Way. 



Figure 6. Left: Distribution of old (age 1 Gyr) open clusters from the 
WEBDA database (dots) in the Galactic Plane. Also shown are the so far 
identified old star clusters from the sample of Froebrich et al. (2007b) - 
crosses, FSR 003 1/0089/1744 (Bonatto & Bica 2007b); triangle, FSR 1735 
(GlCl, Froebrich et al. 2007a); square, FSR 1767 (GlCl, Bonatto et al. 
2007); lozenge, FSR 0584 (Bica et al. 2007); + sign, FSR 0190, this work. 
Circles indicate distances from the Galactic Centre in steps of 2kpc. Right: 
Distance (z) to the Galactic plane of the same objects vs. the distance to the 
Galactic Centre. The vertical line indicates the Galactocentric distance of 
the Sun. 
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Table 1. Measured properties of the cluster FSR 0190 



Parameter 


Value 


R.A. (J2000) 


20 05 3L3 


DEC (J2000) 


-1-33 34 09 


I [deg] 


70.7302 


b [deg] 


-1-0.9498 


Ak [mag] 


0.8±0.1 


Age [Gyr] 


>7 


[M/H] 


-0.9±0.4 


Tq [kpc] 


lO.Oitl.O 


Rgc [kpc] 


10.5±0.8 


z [pc] 


170±15 


rcore [pc] 


3.2±0.4 


Ttid [pc] 


9.7±2.0 


Mk [mag] 


-6.6±0.2 


Ma [IO^Mq] 


lOitl 



GlCl, Bica et al. ( |2007|) ). The figure shows, that FSR 01 90 might be 
one of the most distant known old open clusters in the Milky Way. 
There are only a few other known clusters with comparable ages 
and distances. The cluster also nicely follows the relation of dis- 
tance z to the Galactic Plane with Rac, as can be seen in the right 
panel of Fig.[6l Note that FSR 1735 does not follow the relation in 
this plot, in accordance to its GlCl nature. 

Could FSR 01 90 also be another so far unknown GlCl of the 
Milky Way? There are obviously no definite arguments against 
such an interpretation. According to Fig.|4]an age above 8 Gyr and a 
metallicity below [M/H] = -0.75 dex (the m ost common values for 
the galactic GlCl sample - Harris ( 1 19961) ) are certainly possible 
for this object. The integrated luminosity of Mv = —4.7 mag, or 
slightly brighter, would place it at the fainter end of the GlCl dis- 
tribution, well within the Palomar-like GlCl regime. This type of 
object might be considerably more abundant given the number of 
recent discoveries (e.g. Bonatto et al. l l2007l) and Bica et al. iool)). 
However, its position in the Galaxy nicely follows the relation for 
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